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SUMMARY: Buildings are the largest consumer of raw materials and simultaneously are responsible for 40% of 

the global energy consumption as well as for about 30% of global CO2 emissions. In order to reach sustainability 

goals such as reduction of the use of primary resources, it is of utmost importance to reuse or recycle the existing 

stocks – a strategy labelled as “Urban Mining”. The fact that the new construction rate is only 3%, underlines the 

importance of Urban Mining. However, there is lack of knowledge about the exact material composition and 

geometry of the existing stock, which represents the main obstacle for Urban Mining and accordingly for reaching 

high recycling rates. 

In this paper the Integrated Data Assessment and Modelling (IDAM) method based on digital scanning and 

modelling technologies for capturing of the geometry and material composition data is proposed for enabling a 

generation of as built Building Information Modelling (BIM)-models from acquired point clouds and non-

geometric data. The main aim of this research is to explore the potential of the IDAM method for the generation 

of a BIM-model, which serves as basis for BIM-based Material Passports (MP), as major element enabling 

Circular Economy (CE) and Urban Mining strategies as well as the creation of a digital secondary raw materials 

cadastre. 

In order to deliver a proof of concept for IDAM, a real use case will be assessed in terms of geometry and material 

composition, and possibilities of data capturing via laser scanning and ground penetrating radar (GPR) for 

follow-up generation of a BIM-based MP explored. For capturing the geometry, laser scanning, and for capturing 

the material composition, GPR is used. The use of GPR for the generation of a BIM-model, which incorporates 

material information, addresses a research gap – the capturing and modelling of geometry is already well 

explored, however the methods and tools for capturing and modelling of the material composition of buildings are 

largely lacking. Result show, that the coupled use of capturing technologies has great potential to serve as basis 

for a BIM-based MP. Moreover, the use of GPR, enables a determination of embedded materials within a building, 

but is confronted with various difficulties. As a result, a framework, which can serve as groundwork for follow-up 

research, is presented.  
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1. INTRODUCTION 

Due to worldwide rapidly increasing consumption of resources and land, as well as growing generation of waste, 

increasing of recycling and reuse rates of materials, next to reduction of energy consumption is of highest priority 

for achieving sustainability within the Architecture, Engineering and Construction (AEC) industry. The increasing 

population growth and urbanization simultaneously rises the worldwide consumption of material resources. The 

challenge of the future will be to provide sufficient material and natural resources, as well as to minimize the 

continual amount of waste (WEF, 2016). Building stocks and infrastructures are the largest material stocks of 

industrial economies. These total material stocks on the global scale are about as large as reserves of primary 

resources in nature (Brunner and Rechberger, 2017). It is of long-term importance to maintain or frequently recycle 

these urban stocks, and in consequence to minimize the use of primary resources, thus the dependency on imports 

– a strategy labelled as Urban Mining, which is a part of Circular Economy (CE). For enabling a successful 

utilisation of the Urban Mining strategy, detailed knowledge about the existing stock and embedded materials is 

needed, which is currently lacking. Therefore, in order to gain knowledge about the exact material composition of 

building stocks, as well as enable an assessment, analysis and prediction of material flows, the development of 

applicable methodologies is urgently needed. Building Information Modelling (BIM) has the potential to support 

a life-cycle optimization of the built environment (Fellows and Liu, 2012), as it enables modelling, analysis and 

optimization of new constructions as well as of building stocks. Through coupling of BIM with capturing 

technologies such as laser scanning and ground penetrating radar (GPR), a thorough assessment of existing stocks 

can be conducted; and inventories on the detailed material composition of buildings such as Material Passports 

(MP), generated.  

The aim of this paper is to explore the potentials of digital technologies, laser scanning and GPR, and so generated 

BIM-models serving as basis for the compilation of MPs, which are a supporting instrument for the realization of 

CE in the AEC industry. In this paper we will propose a novel method - Integrated Data Assessment and Modelling 

(IDAM) – based on the material identification via GPR and the generation of an as-built BIM on the basis of scan-

data (point cloud). IDAM allows the generation of information rich BIM-models, thus providing a comprehensive 

knowledge base, including both, geometrical and parametric attributes such as layer structures (building materials 

within building elements) and specific properties regarding BIM-based MPs (e.g. thickness and volume of each 

material layer).   

This paper addresses a research gap – Merging of geometry information (laser scanning) with material information 

(GPR). Current research mainly deals with the automation of the scan-to-BIM process with focus on the 

reconstruction of the geometry (Bassier et. al, 2020; Tang et al., 2010; Xiong et al., 2013). Previous work regarding 

material recognition is either limited to image-based recognition (Ge et al., 2017; Yang et al., 2016), which shows 

potential for an integration of material data into BIM, but does not deliver sufficient information about the material 

composition, or to data capturing techniques such as radiography, magnetic particle inspection and electro-

magnetic waves (Volk et. al, 2014; Dai et. al, 2011), which are not considering an integrated BIM-based approach. 

Thus, there is lack of research which considers both, geometry and exact material determination of the existing 

building stock, which represents the novelty of this paper. Through coupling of laser scanning and GPR 

technology, the generation of MPs at the end-of-life stage of buildings will be enabled, thus delivering useful 

information for a digital secondary raw materials cadastre as well as for the assessment of the material value of a 

building.  

2. LITERATURE REVIEW AND PREVIOUS WORK 

2.1 Circular Economy in the construction industry 

The demand for natural resources will increasingly rise due to the expected population growth up to 9 billion in 

2050 (Programme des Nations Unies pour l'environnement, 2011), accordingly leading to a significant amount of 

waste. Therefore, one of the main future challenges will be dealing with the upcoming waste, as well as the supply 

of sufficient land, material and natural resources. The construction sector is the largest consumer of raw materials, 

with civil works and building construction being responsible for 60% of the raw materials extracted from the 

lithosphere (Bribián et al., 2011) as well as for 40% of energy-related CO2 emissions (Dean et al., 2016). Moreover, 

only 20-30% of Construction and Demolition Waste (CDW) is recovered in the construction industry (WEF, 

2016). As buildings have a long life cycle, maintenance and deconstruction management play a major role for the 
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resources efficiency as well as for closed-loop cycles (Volk et al., 2014). Existing building stocks thus represent 

valuable material stocks, and even more - with new construction rate of 3% in Europe (Euroconstruct, 2018) - the 

achievement of the European Union (EU) goals 20-20-20 lies is in the existing stocks and less in new constructions. 

In order to minimize the consumption of raw materials, the upcoming of waste and environmental impacts, 

maximizing recycling rates is the main strategy, as proposed by the EU`s action plan for CE. CEs aim is to reach 

a resource efficient and low carbon economy by maintaining the value of materials and resources in the economy 

as long as possible (European Commission, 2015).  

2.2 Urban Mining 

Urban Mining is one main strategy within CE, among some others such as landfill mining and waste minimizing, 

dealing with mining of waste as well as with the exploration and observation of materials in the built environment, 

which makes Urban Mining different to usual recycling (Klinglmair and Fellner, 2010). The main obstacle, which 

makes Urban Mining challenging, is lack of information about materials and substances embedded in buildings 

(Brunner, 2011), as well as methods and tools to display the exact material composition of buildings, which would 

allow the prediction of future material flows as well as the increase of recycling rates. Thus, several studies were 

conducted, trying to determine the urban stock: Kohler and Hassler (2002) determined the material flows of the 

German building stock by using macroeconomic and statistical data (top-down) and coupling with bottom-up 

analysis of buildings, building elements and materials. In Switzerland the urban material storages were explored 

by using the ARK-Haus method, whereby buildings were categorized according to their age and typology 

(Lichtensteiger and Baccini, 2008). The “Christian Doppler Lab for Anthropogenic Resources” at Vienna 

University of Technology used a similar method, in order to analyse buildings and infrastructures in terms of 

recyclability (Kleemann et al. 2016). However, the described studies are insufficient regarding exact material 

composition and therefore can only give a general information about the existing stock, which is not enough to 

build up a secondary raw materials cadastre. 

2.3 As-built BIM  

In order to obtain an existing buildings’ dimensions, currently, mostly laser scanning technology is applied (Hajian 

and Becerik-Gerber, 2010). Research is mainly focused on capturing the geometric representation for further 

processing of the obtained point cloud in BIM software (Mill et. al, 2013; Diaz et al., 2013). During the BIM-

generation process, first, the point cloud data is registered and merged into the same coordinate system (same zero 

point) for further point reduction by cleaning the point cloud from noise, clutter and irrelevant information. Further, 

the captured point cloud is used to recognize building components and to generate the BIM-elements. The 

generated point cloud can be converted into triangular surfaces, which however cannot be transformed directly 

into BIM objects. When modelling the BIM, the following issues have to be solved (Tang et. al, 2013): 1) the 

geometry of the components must be defined ("which shape does the wall have?"); 2) categories and materials 

have to be assigned to the components ("this is a brick wall."); and 3) relationships and connections between the 

objects must be established ("wall 1 is connected to wall 2 and is located here"). The current state of the art for 

generating as-built BIM-models from point clouds is still a mainly manual, time-consuming, cost-sensitive and 

error-prone process. A fully automated BIM modelling process or transformation of surface models into 

volumetric, semantically rich models is still in the beginning stage (Yang et al., 2016).  

2.4 BIM at the end-of-life stage of buildings 

At the end of the life cycle, at the demolition of an object, stands the waste management. The demolition of a 

building leads to a large amount and different types of solid waste. Since buildings are confronted with various 

changes throughout their life-cycle (renovation, thermal retrofitting etc.), it is difficult to identify the type and 

location of the materials within a building. Moreover, for most of the buildings the original building documentation 

does not exist. Accordingly, it is difficult to make assumptions about the quantity of demolition waste, as well as 

to enable recycling or reuse of materials, without having accurate information (Cheng and Ma, 2013). Therefore, 

the end-of-life stage of a building would benefit from a data model with wealth of information. BIM has the 

potential to serve as knowledge database and design optimization tool (Bazjanac, 2006), since it enables detailed 

modelling of building elements including their material composition as well as mass and quantity determination 

(Azhar, 2011). BIM is a shared knowledge resource consisting of information about a facility, representing a basis 

for decisions throughout the whole life-cycle from the conceptual phase to the demolition of a facility 
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(buildingSMART, 2019). Moreover, BIM shows large capacity regarding process-automation and data 

management (Sebastian, 2011). As current research shows, BIM is becoming an emergent research topic for 

construction and demolition (C&D) waste estimation and management (Ge et al., 2017). Rajendran and Gomez 

(2012) point out, that there is growing interest in the use of BIM for waste reduction as well as for design for 

deconstruction concepts, underlining the extensive advantages of BIM in the resource management. Hamidi et al. 

(2014) focused on the potentials of BIM for cost-benefit analysis of demolition waste management. Park et al. 

(2014) developed a demolition waste database system with BIM-based materials, by analysing the construction 

material classification system and data available in specific BIM-software.  

The challenge for using BIM technologies lies especially in digitizing the current building stock and thereby 

making it accessible to the life cycle orientated management in accordance with the BIM philosophy. In order to 

use BIM-models for resources efficiency, comprehensive information on the geometry and materials of buildings 

is required and needs to be embedded in the BIM-model. As Brunner (2011) highlighted, lack of information on 

the material composition of buildings is the main obstacle for Urban Mining. However, identifying the type and 

location of materials embedded in buildings is a challenging task (Cheng and Ma 2013). 

2.5 Material identification  

Although there are already numerous methods and technologies for capturing of existing facilities, these focus 

mostly on the gathering of geometry - the gathering of the material composition is currently little explored. 

Previous research is limited to image-based material recognition, which builds upon distinguishable visual features 

of different materials (Yang et al., 2016).  Some preliminary work was carried out by Brilakis et al. (2005), where 

a recognition of construction materials within image content was tested and validated. Son et al. (2012) focused 

on material identification with machine learning algorithms for concrete structural component detection. Material 

recognition through 3D point clouds is confronted with obstacles due to the non-smooth nature of the points colour 

and the irregular distribution of 3D points (Kim et al., 2011). In Austria, pre-demolition audits are conducted to 

assess the waste masses of material as well as to detect hazardous materials e.g. asbestos, since they require a 

special demolition and disposal procedure (ÖNORM EN ISO 16000-32, 2014). However, the information is not 

sufficient, since it is gathered by knocking and relies on assumptions. The main disadvantage of image-based 

material recognition is, that only the surface material is identified. Accordingly, the information is not sufficient 

for a MP or for waste management, since many building components such as walls and slab comprise of multi-

layered constructions. Terahertz spectroscopy is a promissing non-destructive method for material recognition 

beyond surface, which did not find a broad application in the AEC-industry yet, as it is mainly used for 

pharmaceutical products and biological tissues, such that it delivers results on small-scale (trace mineral) (Abina 

et al., 2015). Data capturing techniques such ground penetrating radars (GPR), radiography, magnetic particle 

inspection, sonars or electro-magnetic waves, are promising structure recognition methods beyond surface, but 

were not explored yet (Volk et al., 2014; Dai et. al, 2011). Lu et al. (2020) followed a BIM-based approach by 

integration of image-based material information into an IFC (Industry Foundation Classes) – model, which is a 

standardized digital description of a building (buildingSMART, 2019). However, this research is also based on 

image-based material recognition. 

Within this paper, Ground Penetrating Radar (GPR) technology is used for material identification, which enables 

a non-destructive characterization of the material composition of building components (Trinks et al., 2018). GPR 

is a near-surface geophysical tool which is applied for multiple purposes ranging from geological studies and 

geotechnical engineering to environmental contamination and biomonitoring (Zhao et al., 2013). Through the 

GPR, a non-destructive characterization of shallow subsurface targets is enabled, based on changes in the electro-

magnetic properties of the materials (Davis and Annan, 1989). 

2.6 Material Passports 

MPs, as described by the EU-wide Horizon 2020 project, are an electronic set of data that provide the necessary 

information about materials, products and components for circular use (BAMB, 2019). Buildings as Material 

Banks (BAMB) brought practice and academia together in order to create CE solutions. The consortium aimed to 

implement CE strategies into the AEC industry in order to reduce waste and use fewer virgin materials. Madaster, 

an independent public platform, defines MP as a digital document that records the identity of all incorporated 

construction materials, by documenting the products and raw materials used in a building or project. The overall 
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aim of Madaster is to reduce waste by providing materials with an identity (Madaster, 2019). MPs can also serve 

as basis for the accurate estimation of waste quantity at the end-of-life stage of a building, which is critical for 

demolition decision programs, waste management and logistics scheduling (Ge et al., 2017). 

As the aim of this paper, is to generate a MP-suitable BIM-model for an existing building, the methodology 

developed for BIM-based MPs (Honic et al., 2019) partly serves as basis for this paper. The applied capturing 

methods (laser scanning and GPR) enable a very elaborate and comprehensive data collection, as well as the 

generation of information rich BIM-models, which have potential to be used for MPs as well as basis for a 

secondary raw materials cadastre. 

2.7 Previous work on BIM-based Material Passports 

In our previous research we developed a BIM-based MP, which documents the material composition of a building 

(Honic et al., 2019). The MP serves as a planning and optimization tool even in early planning phases with regard 

to the efficient use of materials and subsequent demolition, as documentation for the recycling of buildings and as 

the basis for a digital secondary raw materials cadastre at city level. The concept and content for the MP as well 

as the workflow for the semi-automated generation of BIM-based MPs has been developed in our previous work 

which is of high relevance for the current research, since the MP generation method as well as the required data 

for compiling a MP was investigated.  

In this paper it will be demonstrated, what kind of information has to be embedded in a BIM-model, in order to be 

able to generate a MP for an existing building. Thereby the focus lies on data gathering and coupling of digital 

tools, as well as generation of a BIM-model, which fulfils the requirements for the follow-up generation of an MP. 

Since for existing buildings it is difficult to obtain the information on the material composition, various data 

gathering methods were applied in order to gather MP-relevant data. The parameters relevant for the MP were 

defined within the previous research project, and the workflow was tested, which is applied in this paper. The 

workflow is based on coupling of digital tools as well as eco-databases (Honic et al., 2019). The used tools are the 

BIM-tool Archicad 21 (Graphisoft Archicad 21) and MS Excel. For the integration of eco-indicators, which are 

required for the generation of an MP, the Austrian database IBO is used (IBO, 2019). The BIM-tool is used for 

modelling of the building and the material inventory and analysis tool for data management and integration of MP-

relevant data from eco-databases. In MS Excel the attribution of individual layers (with, for example data relevant 

for recycling) is conducted, as well as the gathering of relevant information for the generation of the MP. Relevant 

information for the MP is the recycling potential, Global Warming Potential (GWP) and density, which are both 

obtained from the IBO-database as well as the required information from the BIM-model such as the volumes, 

thicknesses and names of each material. Through linking the information from BIM, with the MP-relevant data, 

including the quality of materials in MS Excel, the MP assessment is conducted. The main result of the MP (Fig. 

1) is the recycling potential, the total material composition and the Life Cycle Assessment (ecological footprint) 

of the building.  

FIG 1:  Example for a Material Passport, displaying Recycling-Potential of a building 
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3. METHODOLOGY 

The computational methods for the assessment of building geometry (laser scanning, photogrammetry) are well 

developed and mature; however, methods for material assessment are still in its beginnings. Nevertheless, other 

methodologies are using same data models: point cloud and BIM, which offers large potentials for synergies and 

creation of BIM for lifecycle models.  

The methodological approach of this research is based on coupling of laser scanning and GPR technology in order 

to obtain one single source of information – a BIM-model. In this paper, the end-of-life stage of the building is 

targeted, where the MP acts as inventory by providing the exact information about the incorporated materials 

within a building, as well as their quality, thus serving as basis for the generation of a digital secondary raw 

materials cadastre and for waste management. Previous work has mainly considered the generation of as-built 

BIM-models based on data capturing with focus on the geometry. Current research regarding gathering of material 

information relies on image-based material recognition, which only delivers information about the surface 

materials of building elements. Lu et al. (2020) propose an integrated, BIM-based approach by considering the 

geometry and material. However, this work is limited to image-based material recognition. 

Therefore, we propose the IDAM method based on digital scanning and modelling technologies. Through coupling 

of GPR technology for capturing the material composition of the building with laser scanning technology for 

geometry acquisition; thus, enabling a generation of as built BIM-models from acquired point clouds and non-

geometric data. Capturing the material composition and geometry of existing buildings enables the creation of 

information rich as-built BIM-models (digital twins), as well as the automated generation of MPs, as documents 

of the material composition of buildings, needed for the realization of CE strategies as well as for waste 

management. In comparison to the state of the art as-built BIM-modelling, the IDAM method includes capturing 

of the material composition of existing buildings and integrating the gathered data into the as-built BIM-model via 

unique element IDs (Fig. 2). Accordingly, a single source of information is generated, enabling the compilation of 

MPs with minimum effort and the planning of the end-of-life stage of buildings. 

In order to test the IDAM method, the proposed concept will be tested on a real use case. The usability-potentials 

of the IDAM method to serve as basis for BIM-based MPs will be evaluated. 

 

FIG. 2: Comparison of the State of the art “As-built BIM” data processing and SCI_BIM Integrated Data 

Assessment and Modelling method (based on Huber et al., 2011 and Volk et al., 2014) 
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4. PROOF OF CONCEPT 

4.1 Use Case  

In order to deliver a proof of concept for the proposed Integrated Assessment and Modelling method, a real case 

was used - an office and lab facility of Vienna University of Technology, situated in the third district of Vienna. 

The use case, with a total area of 1265 m² (Fig. 3), is a single-storey building and comprises of 3 areas:  office, lab 

and storage area. The three areas can also be distinguished from outside due to their varying heights. The facility 

has a length of ~62 m and a width of ~24 m (on the widest side). The storage area is located in the highest part of 

the building, which has a height of 6.85 m. The offices are situated in the lowest part of the building (3.8 m). The 

lab, which is attached to the storage area as well as the office area, has a height of 6 m. 

FIG 3: BIM-model of the use case, as generated by company 1 

4.2 Data acquisition 

Data acquisition was conducted by two surveying companies (C1, C2) and a research institute (C3).  The building 

was scanned with different devices for geometry (high- and low tech) and material acquisition (GPR). For the 

high-tech data acquisition, a handheld scanner (GeoSLAM) was used, which delivers a high-resolution point cloud. 

The low-tech variant is based on a low-cost terrestrial laser scanner. As the high-tech variant delivers more accurate 

results, it was chosen as the reference model. All results shown in this paper build up on the high-tech variant. At 

the beginning of data acquisition at the building, it was occupied by the users, which made the scanning tasks 

difficult due to the users as well as the furniture within the building. Since the use case was a demolition object, 

the users moved out of the building, which enabled scanning of each building component. Figure 4 displays the 

panorama of the use case, which was taken by the laser scanner camera. In total, the building has been scanned 

multiple times with laser scanners (handheld scanner) as well as with GPR from inside and outside. The capturing 

of the entire building with the high-tech method, required 4 scans and took 2 hours. Scans via ground penetrating 

radar (GPR) were conducted on three different days and took about 20 hours. The GPR is currently the most 

efficient geophysical method for the appropriate assessment of multi-layered building components and thus offers 

potential for the digital recording of the material composition. The building elements (walls and floors) were 

scanned with the GPR device, which is a small device that is being hold on the wall or floor (see Fig. 5). Most of 

the walls were measured on three varying heights (bottom, top and in between at a height of 1.1 m) horizontally. 

Following a horizontal line, a measurement was taken every centimeter. Measurements are performed by sending 

electromagnetic waves to building elements, which are radiated into the element by a transmitting antenna. 

Thereby the wave diffuses in the wall with a material-dependent speed and is reflected at the interfaces of 

individual objects or from layers of different physical properties (permittivity, conductivity). The electromagnetic 

signal returning to the surface is captured by a receiver antenna and is recorded digitally. The recorded data was 

analysed, which enabled to differentiate between various materials within building elements. A pre-demolition 

audit was conducted, as it is required in Austria, in order to identify the material composition as well as the quality 

of the materials (harmful and or contaminant materials) incorporated in the building, which is necessary in order 

to define the recycling potential of the materials.  
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The scan-to-BIM process was conducted in a twofold way: through an automated and manual generation of the 

BIM-Model, for the purpose of comparison and evaluation of both methods. Since the automated BIM-model 

generation is not the focus of this paper, only the manual generation of the BIM-model will be described in detail. 

Laser scanning of the entire building enabled the generation of the point cloud (Fig.6 and Fig. 7), which was post-

processed in PointCab (PointCab, 2019) for point reduction. The post-processed point cloud was imported in the 

BIM Software Archicad, where, based on horizontal sections, the BIM-model was generated manually by inserting 

mono-layered building objects such as walls or slabs. As a result, a BIM-model with mono-layered elements, 

without any material information, was generated.  

 

FIG 4: Panorama of the use case by laser scanner camera, as generated by company 1 

 

FIG 5: GPR scan of an interior wall, as generated by ZAMG Archeo Prospections 

 

FIG 6: Point Cloud 1 from laser scan of the use case, as generated by company 1 
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FIG 7: Point Cloud 2 from laser scan of the use case, as generated by company 1 

4.3 Evaluation of GPR-technology for material assessment and identification 

The GPR measurements were conducted by sending electromagnetic waves and measuring the changes in the 

signal form (amplitude and frequency). The changes in the signal form allowed conclusions about the physical 

properties of the irradiated components, such as their mineral composition, moisture, porosity, etc. The 

electromagnetic energy radiated into the walls is damped differently depending on the component (material-related 

absorption loss). By comparing the amplitudes of the transmitted and received electromagnetic waves, it was 

possible to determine the absorption properties of the materials. Thus, conclusions of different materials within 

the building elements were possible. 

GPR showed large potential for the identification of materials within building elements, but was confronted with 

various difficulties such as furniture and users of the building. Moreover, the exterior walls consist of a metal sheet 

cladding, through which the GPR cannot penetrate. However, the GPR can only detect different materials due to 

their varying physical properties (permittivity, conductivity) but cannot determine the material compositions 

immediately. Therefore, an interpretation of the acquired data was necessary in order to make assumptions on the 

exact material composition of building elements. Accordingly, the information on the material composition from 

the pre-demolition audit was also considered. By comparison of the measured data (from the GPR) and the 

information from the state-of-the-art pre-demolition audit, as well as through calibration of the acquired 

information, the material composition was determined as exact as possible. However, some of the results were 

ambiguous, which required further analysis at the use case. Fig. 8 shows the first results of the GPR-scans where 

e.g. concrete walls (exterior walls, in Fig. 8 they are black) and plasterboard walls (interior walls, in Fig. 8 they 

are green) could be differentiated excellently. Each building element is referenced to the BIM-model through the 

element ID, which enabled the integration of the materials in the reference BIM-model. The integration of the 

materials information required a generation of multi-layered elements within BIM-software, based on the obtained 

information on the material composition, as well as the thicknesses of each layer, from the GPR. The generated 

multi-layered elements were assigned to the elements of the reference BIM-model by following the IDs. As the 

thicknesses of the elements within the reference BIM-model and the generated multi-layered elements did not 

match for each element, some optimization was conducted. An automated integration of materials information in 

the BIM-model is not possible yet. The main obstacle in the integration of materials information into the reference 

BIM-model was, that the BIM-model and material model (results of GPR) did not always fit together: Some walls 

consisted of two different material compositions, as the results of the GPR showed, but were modelled as one 

element in the BIM-model, since from outside the building element appeared as one wall. In order to overcome 

this obstacle, the elements were separated in the BIM-model for follow-up integration of the materials information. 

Another problem occurred due to technological restrictions of the GPR: the GPR can only recognize element with 

more than 6 cm thickness. This means, that for many building elements, the first layer was not recognized by the 

GPR, which required a manual step of identification of the materials of the entire element, by checking the analysis 

conducted by the demolition expert. 
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FIG 8: Results of the GPR-scan, as generated by ZAMG Archeo Prospections 

5. FRAMEWORK PROPOSAL: IDAM FOR BIM-BASED MATERIAL PASSPORTS 

Through experiences gathered within the use case, a framework including automation potentials and nodal points 

for automation algorithms was proposed (Fig. 9). The method is based on the handheld scanning technology for 

capturing of geometry and post-processing of the point-cloud, as well as on GPR for material capture. By using 

the referential BIM-model, where all building elements are classified via customised IDs (e.g. AW01 – exterior 

wall type 1), linking of the material-assessment of particular elements via ID to the referential model is enabled. 

Figure 9: Framework-Proposal for Integrated Assessment and Modelling Method for MPs 



 

 

 
ITcon Vol. 26 (2021), Kovacic & Honic, pg. 634 

The BIM-model, enriched with material information, allows a semi-automated compilation of the MPs, by 

exporting an element list from BIM and linking data from eco-inventories in order to assess e.g. the recycling 

potential of the building. As preliminary result, an MP-suitable BIM-model was generated, which enables the 

follow-up generation of a MP. However, the BIM-model still requires some optimization, since some walls need 

to be split into two pieces, due to their varying material composition, and the corresponding materials 

information integrated (see section 5.1).  Further automation potential is automated integration of multi-layered 

elements based on the obtained materials’ information and the elements’ IDs. The proposed framework can serve 

as basis for follow-up research as well as for the optimization of the applied method. 

6. DISCUSSION  

In this paper the novel IDAM method was presented, integrating potentials of the combined application of laser 

scanning and GPR for the generation of a BIM-model, serving as basis for the follow-up generation of a BIM-

based MPs.  

The individual technologies and digital tools used in this research are well researched and established in the 

respective field: GPR for the detection of structures near-ground in archaeology or for geological soil surveys, 

building capturing and measurement through laser scanning and creation of the BIM geometry models from the 

point cloud, but the use of these technologies to capture and model the material composition of the single object 

or even the building stock is still largely unexplored. The integration of modelling approaches and generation of 

as built BIMs for the generation of MPs thus contributes to the optimization of resources efficiency at the level of 

single objects as well as at city level, and thus to technical and procedural innovation. 

Laser scanning and GPR technology was applied on a real use case, in order to determine the geometry and the 

material composition of the building and to generate an as built BIM-model. Laser scanning is an established data 

acquisition method, whereas the use of the GPR represents a novelty, since it was originally developed for 

geological assessments. The conducted research on the use case has demonstrated, that the scanning of assets in 

occupied state represents a particular challenge. For the GPR application especially the furniture and fixtures 

represented an obstacle. Further, the users often felt disturbed by scanning in their daily working routines. Thereby 

close cooperation of the researchers with the users and occupants is needed in order to overcome these challenges. 

However, this problem was solved when the users of the building moved out and the building was cleared out. The 

GPR showed large potential in the determination of the material composition of building elements, however was 

confronted with various obstacles and needs further optimization and automation regarding integration of the 

materials information in the BIM-model. The GPR could not identify the materials within a building element 

immediately, but required a further step of interpretation of the GPR measurements as well as a comparison of the 

real material composition, which was defined by the pre-demolition audit, with the GPR measurements. However, 

some of the results from the demolition expert and the GPR measurement were ambiguous, which required further 

analysis at the use case. Through calibration of the measurements, the final material composition was determined. 

The integration of the materials information in the BIM-model, generated with a scan-to-BIM approach, was 

enabled through element IDs. Since the mapping of the elements within the GPR measurement were based on the 

reference BIM-model, which consisted of element IDs, the identification of the elements did not lead to any issues. 

However, the automated integration of the materials information into the BIM-model was not realized yet. The 

valuable advantage of GPR technology, is the non-deconstructive detection of building materials, as well as the 

accuracy of the gathered materials information. The GPR can also detect cables and pipes within building elements, 

which can be valuable resources with high recycling potential, if they are out of metal material. Such an accuracy 

is not possible with the state-of-the-art material identification through a pre-demolition audit, which is mainly 

conducted by knocking, drilling and is based on assumptions and random samples.  

A framework including automation potentials and nodal points for automation algorithms was proposed based on 

the knowledge gained through the use case. Within the framework the method for the generation of a BIM-model 

based on the acquired data from laser scanning and GPR for follow-up generation of MPs is presented, which can 

serve as basis for follow-up research.  
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7. CONCLUSION AND FUTURE OUTLOOK 

The applied technologies – laser scanning and GPR- for the generation of an as built BIM including material 

information, showed large potential, but need further improvement regarding automated integration of materials 

information into the BIM-model as well as automated detection of materials within building elements. The real 

use case can be seen as a particular strength of the present research, since the development and testing of the 

assessment methods on real objects enables capturing of multiple perspectives of all stakeholders and guarantees 

for verified results, which is not possible when working only with models or fictitious use cases. Moreover, the 

rather small size of the building and the fact, that it was a single-storey building, represented an advantage 

regarding effort during data gathering. However, the building is not representative for buildings in Vienna, since 

the construction is typical for industrial buildings, but not for housing, which represents 80% of the Viennese 

stock.  

The insufficient automated data transfer from one process step to the next, as well as insufficient data structuring, 

which would allow a fluently data transfer, is one of the major obstacles to the full exploitation of the BIM potential 

as a knowledge base for further analysis and optimization, such as material and life cycle assessment. The intended 

improvements should be made by automated workflows and automated data transfer in BIM significantly speeds 

up common planning, analysis, and optimization processes, as manual modelling, which is currently state of the 

art, is time-consuming and error-prone. An automated data transfer is tested within the research project SCI_BIM, 

by using IFC, which is an open, international standard. Thereby, a semi-automated IFC-model from the point cloud 

is generated and in a further step the GPR-results integrated automatically into the IFC-model. However, the results 

of the automated integration of the material information is not finalized yet.  Apart from that, a concept which 

enables the assessment of changes on buildings through the commitment of users based on gamification, was 

developed for the maintenance of the BIM-model within the research project. This innovative gamification concept 

allows assessment of the structural changes (users scan QR-codes via smartphone which are applied on building 

elements and are linked to the BIM-model via IDs) which are uploaded in the as-built BIM within the gamification 

platform and of user behaviour (such as open windows or lighting) through user participation. Through 

implementation of user data, the as-built BIM is updated. The gamification would on the one hand enable capturing 

of structural changes (static data), which are relevant for the MP and on the other, compilation of a user behaviour 

model (dynamic), which can serve as basis for optimizing the energy efficiency of the building. A cost-efficiency 

analysis of the used methods and devices is also conducted within the project, in order to determine the most 

efficient way to generate a BIM-model suitable for MPs. Within the cost-efficiency analysis also the time-effort, 

costs for personnel and devices, as well as the quality of the obtained models are assessed. As SCI_BIM is still 

ongoing, the results are not finished yet.  

The research has demonstrated that the conducted assessment method for the material composition of the building 

is associated with large effort, due to its novelty in the building sector as well as lack of existing datasets generated 

by the GPR (material identification). A broader application of the GPR-technology on various buildings could 

enable an automated detection of materials through comparison of obtained data with the real material composition 

as well as through applying Machine Learning technology. Therefore, it is necessary to build up a material database 

with typical building elements, which represent the training data set of Machine Learning. Thus, the future outlook 

is the development of Machine Learning algorithms for the automated and non-destructive recognition of multi-

layered building elements in existing buildings. The gathered knowledge on the material composition of the 

existing could enable the creation of a digital secondary raw materials cadastre for the city of Vienna. The existence 

of such a cadastre would enable the assessment, analysis and prediction of the material flow, as well as increase 

of the recycling potential of the building stock, thus supporting the EU`s action plan for Circular Economy. 
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